Kowol J, Kwapuliński J, Nogaj E, Babuśka-Roczniak M, Brodziak-Dopierała B, Roczniak W, Szady A, Cypcer S. Assessment of phytotherapeutic mixtures as a potential route of absorption of some metal compounds. J Pre-Clin Clin Res. 2016; 10(2): 115-121. doi: 10.5604/18982395.1227568 Abstract Introduction. Nowadays, herbalism seems to arouse much interest. Approximately 80% of the world's population are willingly take plant-derived drugs. It should be remembered that both herbs and their products may have not only beneficial but also harmful components. Moreover, medicinal plants frequently exhibit the capacity to selectively accumulate toxic elements. Objective. To assess the potential burden of phytotherapy with medicinal plants used in chosen herbal mixtures. Materials and method. A total of 76 species of medicinal plants from all over Poland and contained in herbal mixtures applied in selected diseases were investigated with respect to the content of heavy metals. Argon plasma atomic emission spectrometry (AES) was applied, using an ICP-ULTIMA spectrometer. Results. The study plants showed various cumulative properties, depending on plant species and the effect of environmental purity on the metal content in raw materials. Daily doses of metal absorption due to phytotherapy in various diseases were determined. The levels of Ni, Co and Cr accumulation were similar to that of Pb. Conclusions. Herbal therapies using the medicinal plants studied did not exceed daily norms of the investigated metals. However, as these metals may also occur in other food products, a prolonged use of plant-derived drugs can be an additional burden, especially in the case of renal failure.
INTRODUCTION
Herbal medicine (phytotherapy) had been widely used until the second half of the 19 th century but then decreased due the development of the pharmaceutical industry. When the synthesis of new curative compounds became possible, synthetic medicines almost completely replaced natural drugs [1, 2, 3] . Only in the 20 th century it was observed that synthetic drugs could produce some side-effects, such as drug dependence, or cause other diseases when chronically applied [1, 3] . Therefore, there began the re-emergence of natural drugs [1] [2] [3] [4] [5] [6] [7] .
At present, phytotherapy is experiencing a revival [1, 2, 3, 8, 9, 10] . Estimations show that about 80% of the world population use nature-derived drugs, particularly extracts from plants or their components [2] . Phytotherapy thrives in Europe, as evidenced by the recognition of herbal preparations as medicinal agents by the European Economic Community [2, 8, 9] . The development of phytotherapy is also certified by associations of phytotherapist physicians in Western Europe, new scientific journals and specialized herbal pharmacopoeia, such as the British Herbal Pharmacopeia [2, 8] .
Herbs and herbal preparations can also contain substances with undesirable effects [11, 12] . Toxic elements in plants capable of selective accumulation can cause damage to the genetic material of the plant. This leads to a decrease in the volume of the active substance, and at the same time, causes a reduction in the therapeutic value. It may also result in the accumulation of elements in the human body which eventually disturb physiological processes [9] . The progression of environmental degradation leads to abnormal quantities of toxic metals in plants [1-7, 11, 13-17] . In natural conditions, the element concentration varies a great deal, depending on plant species, variations, their parts or developmental stage. Trace elements are the fewest in fruits and grains, whereas roots and succulent leaves of vegetables or legumes show the highest level.
Due to herbology development and environmental pollution, the content of elements, especially those which are toxic, should be monitored in medicinal plants [3, 8, 10] .
Standards adopted by the Ministry of Health and Social Welfare in 2003 determined the permissible exposure limit for adults of lead in herbal and fruit teas at 1 mg/kg, cadmium 0.1 mg/kg, mercury 0.2,mg/kg and arsenic 0.3mg/kg. The limits for children are even more restrictive: 0.1 mg/kg for lead, 0.01 mg/kg for cadmium, 0.005 mg/kg for mercury and 0.1 mg/kg for arsenic.
Studies on 76 medicinal plant species from all over Poland showed differentiation of cumulative properties of various plant species, and the impact of unpolluted environment on metal content in raw material. The highest lead content (12μg/g) was found in Melisa officinalis L., Equisetum arvense L., Marrubim vulgare L. and Taraxacum officinale Web. The selective capability of cadmium accumulation (3.3μg/g) was shown in Thymus pulegioides L., Helichrysum arenarium L. and Acorus calamus L. A lower content (2.5μg/g) was noted, among others, in Asperula tinctoria L., Althaea officinalis L., Artemisia vulgaris L., and Plantago major. The smallest quantities of cuprum were found in Tussilago farfara L. (80.32 μg/g), Asperula tinctoria L. (32.00 μg/g), Chelidonium maius L. and Crataegus oxyacantha L. (15.7 μg/g).
The levels of Ni, Co and Cr accumulation were comparable to that of Pb. The current study shows that the concentration of heavy metals in the majority of species exceeded the level accepted as 'normal' [4] [5] [6] [7] [16] [17] [18] [19] [20] . Medicinal plants can be used in various forms: as homogenous herbs aimed to treat specific disorders, herbal mixtures, syrups, teas and herbal and fruit teas or spices.
OBJECTIVE
The aim of the current study was to assess daily doses of chosen metals absorbed via phytotherapy on the basis of the established content of heavy metals in 20 plant species included in herbal mixtures applied in the course of: anaemia, haemorrhagic diathesis, bronchial asthma, urinary tract calculi and chronic cholelithiasis. A potential burden of the human body was determined in the course of phytotherapy. The scope of the presented information seems to exhaust the issue. The literature was carefully selected, taking into account only unpolluted sites of plant origin, the long duration of earlier research into metal content in the respective morphological parts, and the possibility to compare the results with Polish and foreign centres from the aspect of quality assessment. The recovery effectiveness ranged from 94% -Cd, Cr, 96% -Cu, Mn, Ni, Pb, 99% -Zn, Fe, 107% for Na, ca, Mg, depending on the element. The accuracy of determination of the respective elements was 0.01 μg/g, with the relative error varying between the elements (0.9% for Cd to 3.8% for Cr).
MATERIALS AND METHOD

Medicinal
The accuracy of the assays was monitored with the standard addition method by the National Methodology Institute as well as using a certified reference material with a comparable content of the tested metal in relation to the analyzed material for plants -CTA-VTL-2 (ICH-TJ). Differences of 2-4% were noted. In addition, intercalibration (6 reference samples of the tested plant) was conducted in the Department of Environmental Monitoring (in Katowice). Results of the analyses showed 3-5% differences, compared to the intercalibration results. The validation procedure was also applied in cooperation with the Department of Organic Chemistry, Technical University of Gliwice in Silesia.
RESULTS
The possible impact of medicinal plants on selected diseases was considered with regard to some of the most commonly used herbal mixtures. Daily Intake was estimated by application of the amount of raw material, and according the Polish Farmakopea heavy metals contents equals the geometric mean. Complete results of statistical analysis are included in the research documentation..
Anaemia.
Anemia is a disease in which the haematocrit ratio decreases, and the erythrocyte count and haemoglobin per unit volume of blood are below the norm. There are a few types of anaemia which can be caused by:
• severe blood loss;
• deficiency or disturbed absorption of substances indispensable in the production of erythrocytes (i.e. Fe, vitamin B 12, and others); • accelerated breakdown of red blood cells (haemolytic anaemia); • failure to restore stem cells in the bone marrow (aplastic anemia). The treatment should supplement the deficiencies of haematopoietic factors and eliminate the causes of the disease. Phytotherapy can be applied as an adjuvant therapy in the form of mixture I or II. Preparation and application: pour a glass of boiling water over one tablespoon of herbs, leave for half-an-hour, filter, and drink twice a day [21] . Table 1 presents maximal metal quantities consumed by a patient during phytotherapy, assuming that one tablespoon of the prepared mixture is 7.5g [22] . The total daily intake of the respective elements does not exceed the necessary daily intake. The limit for the concentration of Cd in dry plant materials was not exceeded only in nettle leaf, whereas in the remaining components of the mixture, the Cd content was above the set limit. Pb concentration, however, was not exceeded in any case. Preparation and application: pour a glass of boiling water over 2 tablespoons of herbs, simmer covered for 10 min. and filter; drink twice a day before a meal [21] . Table 2 shows maximal metal quantities consumed by a patient during phytotherapy, assuming that 1 tablespoon of the prepared mixture is 7.5g [22] . The limit of the concentration of Cd in dry plant materials was exceeded only in dandelion root, whereas the limit content of Pb was not exceeded in any case.
Haemorrhagic diathesis. This is a state of massive haemorrhage which can be divided into 3 types, depending on causal factors:
• plasma haemorrhagic diathesis (lack of blood plasma agents indispensable for proper blood coagulation); • thrombocytopenic haemorrhagic diathesis (lack of blood clotting agents of lamellar origin); • vascular haemorrhagic diathesis (normal coagulation, but fine petechiae are found and bruises occur after applying pressure). The applied herbs are used to seal blood vessels and decrease effusion. Preparation and application: pour a glass of boiling water over one tablespoon of the mixture, simmer covered for 20 min. and filter; drink three times a day after a meal [21] . Table 3 presents the maximal metal quantities consumed by a patient during phytotherapy, assuming that one tablespoon of the prepared mixture is 7.5g [22] . The total daily intake of the respective elements does not exceed the daily human need for these elements. The limit concentration of Cd established for dry plant materials was exceeded in the case of yerba and horsetail herb. Pb content, however, did not exceed the approved limits.
Urinary tract calculi.
The disease involves the accumulation of deposits of stones, varying in shape, size, chemical composition and hardness, in different sections of the urinary tract. According to their location, the following types of the disorder can be distinguished: nephrolithiasis, urolithiasis and kidney bullous. In the case of urolithiasis, herbs are extremely useful, both in prevention and treatment. Herbal mixtures usually have a diuretic, saluretic, diastolic and sometimes anti-inflammatory and antiseptic effects. Preparation and application: pour a glass of boiling water over one tablespoon of the mixture, cook covered for 3 min. and filter; drink three times a day [21] . Table 4 presents maximal metal quantities consumed by a patient during phytotherapy, assuming that one tablespoon of the prepared mixture is 7.5g [22] . The total daily intake of the respective elements does not exceed the daily human need for these elements. The limit of concentration of Cd established for dry plant materials was exceeded in the case of horsetail herb. Pb content, however, did not exceed the approved limits. Leave it for 10 min., filter in to a vaccum flask; rrink half a glass 3 times a day [21] . Table 5 presents the maximal metal quantities consumed by a patient during phytotherapy, assuming that 1 tablespoon of the prepared mixture is 7.5g [22] . The total daily intake of the respective elements does nott exceed the daily human need for these elements. The limit for the concentration of Cd established for dry plant materials was exceeded in the case of horsetail herb. Pb content, however, did not exceed the approved limits.
Bronchial asthma. The disease presents with bronchial muscle contraction which makes breathing difficult and leads to expiratory dyspnea, being the main symptom of the disease. Different factors may contribute to the disease. The attack may be caused by an allergen, effort, stress, physical factor or cold air. The basic treatment involves pharmacotherapy, although herbal mixtures can play a supplementary role.
Mixture VI (Tab. 6). Preparation and application: pour a glass of water over one tablespoon of herbs. Cook for 1 minute, leave the mixture covered for 10 min., then filter; drink half a glass 3 times a day [21] . Table 6 presents the maximal metal quantities consumed by a patient during phytotherapy, assuming that one tablespoon of the prepared mixture is 7.5g [22] . The total daily intake of the respective elements does not exceed the daily human need for these elements. The limit concentration of Cd established for dry plant material was exceeded in the case of primrose flower, yarrow flower and coltsfoot leaf. Pb content, however, did not exceed the approved limits.
Chronic cholelithiasis. Deposits of gallstones, recurrent inflammation, formation of new stones and bile duct stenosis cause numerous disorders: bile flow into the duodenum is difficult, bilirubin is present in the blood, digestion and lipid absorption deteriorate. An extended period of cholestasis can lead to liver cirrhosis. The regular use of herbs can, after some time, restore the correct composition of bile or hinder the process of stone formation. then leave it for a few minutes and filter; drink half a glass 3 times a day [21] . Table 8 shows the maximal metal quantities consumed by a patient during phytotherapy, assuming that one tablespoon of the prepared mixture is 7.5 g [22] . The total daily intake of the respective elements does not exceed the daily human need for these elements [23, 24, 25] . The limit of concentration of Cd established for dry plant material was exceeded in the case of dandelion root and dandelion flowers. Pb content, however, did not exceed the accepted limits. The presented study does not include plant species, which is a poorly accumulated research element. The amount of their occurrence was below the detectability of the method used.
In summary, it can be concluded that phytotherapy in the long term is underrated, yet it is a significant source of additional quantities of selected metals, together with their simultaneous presence in different parts of the environment (soil, food of plant and animal, particulate matter). The average contents of selected metals in the plants investigated can be used as reference values in prospective studies, and test plant species can be used to bioindicative lead, cadmium, nickel and chromium.
CONCLUSIONS
For the different mixtures estimated values of daily intake
and total daily intake for given diseases can be useful as preferences for future comparison, and comparing the degree of exposure during given phytotherapy. 2. Long-term phytotherapy may be the source of additional exposure of people to the toxic metals Pb, Cd, Ni and the important physiological elements Cr, Fe, Zn. 
